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Solution- and Solid-Phase Syntheses of Substituted
Guanidinocarboxylic Acids

Jiong Chen, Mookda Pattarawarapan, Alex J. Zhang, and Kevin Burgess*
Department of Chemistry, Box 30012, Texas A&M dénsity, College Station, Texas 77842-3012

Receied December 23, 1999

A library of guanidine-based compounds was produced to mimic the lead comfppowhéth is a substance

known to have intensely sweet-taste characteristics. Libraries of guanidinocarboxylic acids were therefore
prepared via two synthetic methods. The solid-phase method involving trapping of solution-phase
carbodiimides by supported amines was used to protiiidedialkyl derivatives (Scheme 1). The second
solid-phase method, featuring supported carbodiimides and solution-phase amines (Scheme 2), was devised
to prepareN,N'-disubstituted and\N,N',N'-trisubstituted guanidinocarboxylic acids. A small collection of
guanadinoacetic acid dimers and trimers was also prepared, but this time via a solution-phase coupling of
carbodiimides to a polyamine linker.

Introduction jozH jozH
Applications of artificial sweeteners in society are wide- NC\@\ H)N\ EWG\W HNE
spread. The commonly used materials include aspartame 7 SN NH
(NutraSweet), sodium saccharin, acesulfame-K, and sucral- . dlargf .
ose. However, there is still a need for an artificial sweetener O O yerophevie
that has the clean robust taste of sugar, remains stable in
cooked foods, and has a long shelf ffe. 1 (NC-174) A

Discovery of novel artificial sweeteners is challenging
because the putative receptor(s) for sweet taste are unknown Several solid-phase syntheses of guanidines have been
and have not been isolated by biochemical or cDNA cloning "eported, but most are not ideal for compounanalogues.
method<~5 Typically, screening for sweetness is conducted For instance, many of the reported syntheses cannot readily
by human-subject taste panels; hence, this is an inherentlyPe¢ adapted to give one substituent on each guanidine-
tedious and low-throughput process. However, monoclonal hitrogen?*#-1¢ Other methods do not have this limitation,
antibodies that “mimic” the sweet-taste receptor, in terms Put involve other restrictions. Those that feature additions
of compound immunoreactivity profiles, allow high-through-  0f amines to carbodiimides (in solution or on a solid phase),
put fluorescence polarization assays to identify potentially for instance, tend to require the carbodiimide, and therefore
sweet tasting compoundsFluorescence polarization is the product guanidine, to be substituted with acyl or
unique among methods used to analyze molecular bindingCarbamoyl group$:-t?However, it was desirable to prepare
because it gives a direct, nearly instantaneous measure ofnalogues ofl that do not have such N-substituents.
bound:free ligand ratios even in the presence of a free tracer. This paper describes new high-throughput syntheses of
As a result, these assays can be performed with a Sing|e’guanidines that do not have the limitations discussed above.
premixed tracer-receptor reagent, eliminating the need for The methods developed were used to prepare a focused

Washing Steps thereby making automation easier as well aéibrary of guanidine derivatives similar tb since structure
reducing the total assay time. activity data from prior studies indicated that some func-

The guanadinoacetic acids 300 000 times sweeter than tionalities of1 were essential for sweet-taste characteristics.

2% sucrose, as determined by human subject taste evalua-
tions. It is a far more potent sweetener than aspartame, which o ) o ) )
is 180 times sweeter than 2% sucrose. Antibodies that are Syntheses of Guanidinoacetic/propionic Acids via Re-
specific for compound and that possess immunoreactivity actions of Supported Amines with Carbodiimides in

profiles that are similar to the putative sweet-taste receptor Selution. Scheme 1 outlines a synthesis of guanidines that
are now available that facilitate screening of libraries via involves preparations of carbodiimides in solution and then

Results and Discussion

high-throughput fluorescence polarization techniféghis ~ reactions of these with anchored amines. Most of this
paper concerns production of a small focused library to Seduence is well-known solution-phase chemistry, but the
screen in that assay. particular protocol established here is extremely practical.

Many isothiocyanates are commercially available, and others
* Address correspondence to Dr. Kevin Burgess. Tel: 979-845-4345, Can be made eas_"y b)/ combination of am'_nes _W|th t_hlo'
Fax: 979-845-8839. E-mail: burgess@tamu.edu. phosgené? These isothiocyanates react readily with amines
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to give thiourea<. Isolation of the thiourea2 tends to be Scheme 1

trivial since most of these products are practically insoluble e

in ether and are easily purified by washing with that solvent. O\
Conversion of thioureas to carbodiimides on treatment with S ’f” cl .
Mukaiyama’s reagent (2-chloro-1-methypyridinium iodide) gincs +  NH,R2 ~ r. L ge

is almost instantaneous at room temperatdt¢hough brief NN CHClo, NEts

L . AR 25°C
sonication was desirable to accelerate solubilization of

Mukiayama’s reagent. The carbodiimid&are very nonpolar
and are generally isolated by extraction into hexanes and 0
filtration through a short silica plug using the same solvent. O)LMnNHz
Reaction times for addition of the carbodiimides to Wang- ; o
supported glycine g8-alanine varied, but the transformation _ Wang H NHR2
was conveniently monitored via the ninhydrin t&st. R\ & R? O)LM" i
o NR'

Table 1 shows data collected for specific compounds
prepared via the sequence shown in Scheme 1. A limitation
of this method was that the supported guanididésnded
to undergo an undesired intramolecular cyclization, as shown R
in reaction 1. We believe this occurs predominantly under 1:1 CH,CI/TFA HO)L(\/’L\I\“/N\RZ
acidic conditions during cleavage of the product from the - = N.
resini®>18it is only possible for primary amines. Some trends
were evident with respect to this side reaction. First, it 5 n=1or2

became more prevalent when the amine was relatlvelysupported carbodiimide intermedia®® (Y = Cl) was

unhindered. Second, guanadinoacetic acid derivatives WerS onfirmed by on-resin IR (2133 cm).!’ The putative resin-
more inclined to participate in this process than guanidino-

o S . - bound carbodiimide intermediates were reacted with a series
propionic acids; in fact, cyclized byproducts were minimal

in the latter case (compare Table 1, entries 2 vs 21 and 6 Vsof primary and secondary amines to give the products. Table

24). Presumably, the undesirable ring formation is faster for ﬁq:—fdg g;”ti?:?:e?gc?data regarding the specific compounds
f|ve-_me_mbered than for six-membered fings. Third, the Review of Table 2 reveals that the products were generally
cyclization was sup_presseql when the substltuen_ts c_ontame%rmeoI in high purities, when alkylamines were used. This
strongly electron-withdrawing groups. The cychzathn (1) method was a practi’cal and effective approach to the
appears to occur both on the solid phase and in solution; forcompounds shown and was highly satisfactory for the current
example, when the purified compounds were allowed to stand : ) S

) . ) . o .. work. However, an aromatic amine gave an inferior result
in solution this reaction proceeded. Indeed, cyclic impurities (entry 18), hence more reactions with this type of amine were
form when the guanidinesare allowed to stand for extended '

periods at room temperature. not atte_mpteq. . .
Two limitations of the method became evident. These did

not restrict the current study, but we mention them here in

3 4

25°C,1h R'

NR' H case others should wish to expand and modify this meth-

O\gAN NHRZ — odology. First, when aryl isothiocyanates without at least
o) one electron-withdrawing group on the aromatic ring were

4 used, the corresponding carbodiimide was less electron-

deficient, and addition of amines to it were less facile. Indeed,

Syntheses of Guanidinoacetic Acids via Resin-Bound it may be necessary to heat the reaction to get the addition
Carbodiimide Intermediates. The method described above to proceed. Second, when primary amines were added to the
is appropriate for synthesis of variously substituted guani- supported carbodiimides, the side reaction 1 (vide supra)
dinoacetic/propionic acids. However, there are two limita- occurred, giving molecular ion MS peaks at 18 Da less than
tions associated with it. First, the method requires preparationthe expected values, and tended to be the most significant
of individual carbodiimides in solution, and second, guani- factor leading to diminished purities.
dinoacetic acids with two substituents on one nitrogen atom  Parallel Solution-Phase Syntheses of Guanidinoacetic
are not available because the carbodiimide can only beAcids Dimers. A set of six dimeric and two trimeric
formed from primary amines. Thus an alternative method guanidonacetic acid derivatives based on structure A was
was developed to expand the scope of our study. Scheme 2lso prepared. The motivation behind this part of the study
shows how guanidine8 were prepared from glycine on was as follows. Since the structure of the sweet-taste receptor
Wang resin through a resin-bound carbodiimide intermediate. is unknown, it is possible that oligomeric structures may bind
4-Cyanophenyl-, 4-nitrophenyl-, and 4-chlorophenyl-isothio- two or more “hot-spots” on the receptor surface simulta-
cyanate were reacted with this resin to give three supportedneously. This might in turn lead to stronger binding and
thioureas6. Various methods were investigated to affect higher bioactivities.
conversion of these thioureas to anchored carbodiimides, and Scheme 3 shows the solution-phase approach adopted for
Mukaiyama’s reagent gave especially good results. In the the preparation of this library. Throughout, a tertiary butyl
case of the 4-chlorophenyl derivative, production of the group was used to mask the carboxylic acid. Thus, thioureas



278 Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 3 Chen et al.

Table 1. Guanidinoacetic/propionic Acids Prepared from Carbodiimides in Solution

2

entry n NR' NHR’® HPLC crudeyield entry n NHR? HPLC  crude yield
purity® (%) purity® (%)
(%) (%)
70 77
1 1 C\@\ NH 87 53 71 . . P NH
N P > Ph
2 1 | NH 80 85 N
F
@ 18 1 NH 78 91
N 8 F h)\
P > Ph
31 o NH 64 85 I&(
N
P > Ph A
N 19 1 NH o 96 66
4 1 N NH 65 78 R F H)i
P~ “Ph
N N
F
51 NR©\ HN 71 75 20 1 FBC\©\ NH 90 77
6 1 N NH 94 90 21 2 C NH 96 93
A, & A @
7 1 NC\©\ Ph/fﬂ'i 60 69 22 2 C Ph)l\i*l 61 71
N Ph [j\N Ph
8 1 K INH 65 82
\©\N P")\Ph 23 2 Cl\©\ M/[NH 58 78
9 1 O2N NH 74 80 N P Ph
\©\N @ 24 2 NC\©\ NH 98 96
N
N @ 5 2 N NH 76 85
N Pn)\Ph
11 1 O=N NH 80 86
2 PH/L 26 2 N NH 55 63
. Ph ’X
12 1 OnN NH 75 85 NPT "Ph
\©\ HL 27 2 ON HN 95 9
N P Ph \O\
131 02N\©\ NH 85 91 N
D
28 2 O=N NH 99 76
14 1 NH 98 84 \©\
S F i N
F
15 1 HN 97 83 N o PToPh
R F
O 30 2 NH 92 89
R F
N Ph/kPh
F
16 1 NH 53 74 N
F F F
31 2 F3 NH 88 94
N g
F N P Ph

aMonitored by UV at 215 nm; molecular ions were detected for all compounds via MALDI-MS.
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Scheme 2
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Table 2. Preparation of Guanidinoacetic Aci@svia
Supported Carbodiimides

O,
\n/\NHz CHoCly,

Wang

25°C,3h

.\/'\[@Nj\ Q/

6

b @\/o N HNR'R2,25°C,10h
——— /./ —_— -
CH,Cl, NEts NN
25 °C, 1 min (8] Y

7
Y jog
N 1:1 CHaClo/TFA jL
@\/O B - HO N” NR{R
%/\u NR'R 25°C, 1h \é(\H e

8 9 Y =CN,NOy, Cl

10 and carbodiimided41 were obtained by methods analo-
gous to those described above (Scheme 2). Compalhds
were purified by filtration through silica and were obtained
in satisfactory yields. The reaction of diamines and triamines
with these carbodiimides in dichloromethane was smooth,
but the product4.2 had to be purified via flash chromatog-
raphy. After the purification, the dimers (trimer§3 were
obtained by acidic hydrolysis. Unfortunately, further puri-
fication of these materials was impractical due to their
polarity; however, their purities after the acidic deprotection
step were satisfactory for preliminary screens (Table 3). Once
again, the unwanted cyclization reaction 1 was observed
when a primary diamine was used.

Conclusions

The methods outlined here for preparations of guanidino-
carboxylic acids facilitate screening for analogues of the
superpotent sweetener compouhdia fluorescence polar-
ization immunoassays, as an initial screening procedure
before evaluation by a human-panel taste threshold test. The
methods shown in Schemes 1 and 2 feature supported
reagents for ease of purification and highly efficient solution-
phase steps wherein the products can be isolated by
precipitation. The route developed in Scheme 3 is exclusively
solution-phase reactions, but no difficult purification is
required. All these syntheses could be automated to enable
larger libraries to be produced, though some manually

executed solution-phase reactions might be necessary to 16
prepare key reagents. Fluorescence polarization assays and
human taste panel tests on these libraries are now in progress.

Experimental Section

General Information. Fmoc deprotection was performed
by treating the resin with 20% piperidine in DMF twice for
5 and 10 min each. The washing and drying protocol was as
follows: DMF, methanol, DMF, methanol, dichloromethane,
methanol, dichloromethane, and vacuum-drying overnight.

entry Y NR'R? HPLC crude yield
purity® (%)
(%)
1 CN HNf 87 68
2 CN NH 63 78
3 CN NH 93 73
Ph)\ Ph
4 CN ,\O 95 56
5 CN N 80 87
Lo
CN N 99 76
()\JY Ph
Ph
7 CN ,\(Ij 94 85
8 CN YN\'/ 80 91
9 CN Ph_N._-Ph 99 82
10 NO, NH 86 80
11 NO, @ 96 87
12 NO, N 90 94
(o
13 NO, N 95 86
O\/P h
14 NO, " 96 94
()\1 Ph
Ph
15 NO, ,C© 97 84
NO, YN\l/ 86 83
17 NO, Ph N PP 91 71
18 N02 /N\© <50 -
19 cl N 94 84
(}\IY Ph
Ph

General Procedure for Syntheses of Guanidinoacetic/
propionic Acids via Reactions of Supported Amines with

aMonitored by UV at 215 nm; molecular ions were detected
for all compounds via MALDI-MS.
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Scheme 3 Table 3. Guanidinoacetic Acids Dimers
Y.
CHzCla. NEt3 enry Y (H)R’NRNR’(H) HPLC  Crude
' 'BuO NH "HCI purity*  yield
NCS u 25 °C, 30 min

(%) (%)

\ﬂ/ CHyCly, NEt3
S 1o 25°C, 10 min " 3 CN ﬂ) 80 67
N/\/NW
(MR R(H) HR  R(H) Ph
HN.  NH N N 4 CN PN 74 26
—_— y HN HN y H
CHCly ) o'B EOO‘B N
25°C, 10 min COOBu u N I )Ph
12 Ph N

(R R(H) 3 NO, HN/\©ANH 72 77
1:1 TFA/CH.Clo N\ N\R’N /N
—_—
/©/ H\Nr H\N( \©\ 6 NO, N 95 92
25°C, 3h v N D Y

COOH COOH

7 NO, ﬂ\ 87 18
=CN,N
13 Y =CN,NO; N/\/Nj
Carbodiimides in Solution. The requisite carbodiimides Ph
were prepared by the following general protocol. Equal 8 NO, P N 80 16

amounts of a primary amine and an isothiocyanate (usually
0.5 mmol) were mixed in 10 mL of dichloromethane. The ~UN
formation of the thiourea was generally rapid (TLC), except t I Jph
for aromatic amines, in which case the reactions proceeded Ph
at a more convenient rate at 40. After complete formation
of the thiourea (TLC), the solvent was removed and the ¢,
resulting solid was washed several times with 1.1 ether/
petroleum ether and then dried in vacuo. The thiourea thus(CDCl) 6 7.40-7.20 (m, 10H), 7.10 (dJ = 8.9 Hz, 2H),
obtained is typically obtained in a high state of purity and is 6.50 (d,J = 8.9 Hz, 2H), 4.37 (tJ = 7 Hz, 1H), 4.03 (d,]
usedas isin the next synthetic step. = 7 Hz, 2H).N-PentafluorophenyN'-diphenylmethyl car-
Conversion of the thioureas to the carbodiimides was via bodiimide: *H NMR (CDCl;) 6 7.46—-7.30 (m, 10H), 6.07
the following procedure. The thioureas prepared as above(s, 1H).
were dissolved in 10 mL of dichloromethane. Five equiva-  The following protocol was used for reaction of the resin-
lents of triethylamine, then 1 equiv of the Mukaiyama’s bound amines with the carbodiimides in solution. Fmoc-Gly-
reagent were added, and the reaction mixture was briefly Wang resin (Chemimpex) or FmgkAla-Wang resin (home-
sonicated to obtain a homogeneous solution. The formationmade) was deprotected by 20% piperidine in DMF. After
of the carbodiimide was fast, usually within 1 min (by TLC). washing and drying, the resin was suspended in DMF and
The solvent was then removed, and small amount of hexaneghe carbodiimide (34 equiv) dissolved in DMF was added.
(or petroleum ether) was added. The carbodiimide, but not The whole was agitated for a certain period of time
the byproducts, was generally soluble in this solvent. The depending on the reactivity of the carbodiimide. In most
hexanes solution was then passed through a short pad of siliczases the reaction was completed in 1 h, as checked by the
gel packed in a pipet. This effectively removed impurities ninhydrin test. Compounds having the 1-adamantyl substitu-
and give practically pure carbodiimide as a viscous liquid ent and no strong electron-withdrawing group on the carbo-
or a low melting point solid. For the 4-nitrophenyl deriva- diimide had to be heated to SC for longer reaction times.
tives, the carbodiimides were not soluble in petroleum ether After the reaction was completed, the resin was washed and
or hexanes; in those situations 25% diethyl ether/hexanesdried. The cleavage was accomplished by treating the resin

aMonitored by UV at 215 nm; molecular ions were detected
r all compounds via MALDI-MS.

was used in place of pure hexanes. with 1:1 TFA/dichloromethane at room temperature for 1 h.
Some proton NMR data of illustrative examples are as The product was obtained by evaporation of solvents.
follows. N-4-ChlorophenyN'-1-adamantal carbodiimidéH General Procedure for Syntheses of Guanidinoacetic

NMR (CDCls) 6 7.23 (d,J = 9.0 Hz, 2H), 7.00 (dJ = 9.0 Acids via Resin-Bound Carbodiimide Intermediates.The
Hz, 2H), 2.12 (bs, 3H), 1.92 (bs, 6H), 1.67 (bs, 6N}4- following procedure was used to synthesize the guanidino-
ChlorophenylN'-2,2-diphenylethyl carbodiimide*H NMR acetic acids. Fmoc-Gly-Wang resin (Chemlmpex) was
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deprotected with 20% piperidine in DMF. After washing and case of trimers) and 1.0 equiv of the diamine (or triamine)
drying, the resin was suspended in dry dichloromethane andwas stirred at room temperature for 5 h, or until completion
treated with 2-3 equiv of the corresponding isothiocyanate of the reaction (TLC). The solvent was removed, and the
(Y CN, NG, CI). After 3 h of agitation at room residue was passed through a silica gel column first, eluting
temperature, the resin was washed and dried. It was thenwith 1:1 ether/dichloromethane to remove apolar impurities,
suspended in 1:1 DMF and dichloromethane, and 5 equivand then the product2 was obtained as viscous oil by
of triethylamine was added. Two equivalents of Mukaiyama’s eluting with 10% methanol in dichloromethane. This oil was

reagent was then added, and the resin was briefly agitatecthen treated with 1:1 TFA/dichloromethane f©h atroom

(about 1 min.). An amine (primary or secondary, 5 equiv)

temperature to hydrolyze theert-butyl ester. Removal of

was then added, and the resin was agitated for 10 h at roonthe solvents gave the product diacids or triadiflsas viscous

temperature (in case of ¥ CI, the reaction was carried out
at 50°C). This was then washed and dried. The cleavage
was accomplished by treating the resin with 1:1 TFA/

syrupy materials.
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